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(57) ABSTRACT 

A digital signal processor having an ALU and accumulating 
register small in bit number. The digital signal processor 
adds r-bit rounding bits to an N-bit data(Wherein r<N) and 
adds g-bit guard bits to the high-order bits of the data using 
bit alignment units each being implemented With a Wiring, 
When N bit data is processed. The data added by the guard 
bits and the rounding bits is operated by means of the 
accumulator. The operated data is selectively rounded by a 
rounding processor. Also, the selectively rounded data is 
selectively saturated by a saturation processor. 

24 Claims, 8 Drawing Sheets 
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HIGH SPEED DIGITAL SIGNAL 
PROCESSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a digital signal processor(DSP) 

for processing various digital signals depending upon any 
programs. 

2. Description of the Prior Art 
Conventionally, the DSP can employ any one of a 

?oating-point arithmetic and a ?xed-point arithmetic. The 
?oating-point arithmetic has a disadvantage in that it pro 
vides more accurate result than, but costs considerably more 
than the ?xed-point arithmetic. Accordingly, most DSPs 
employ the ?xed-point arithmetic. In order to prevent the 
error generation, the DSP of ?xed-point arithmetic system 
having a typical N bit Wordlength makes use of an arithmetic 
logic unit(ALU) having a ‘8+2N’ bit Wordlength and an 
accumulating register. Herein, ‘8’ refers to the extra bits for 
over?oW guarding commonly used. Because all the ALU 
and accumulating register is lengthened at least tWice more 
than the data Wordlength N, an operation amount in the DSP 
is not only increased, but also a response speed of the DSP 
is reduced. Also, there are DSPs Without the extra bits. 

Actually, ?rst and second data 10 and 12 having each an 
integer part and a fractional part and an N bit Wordlength, as 
shoWn in FIG. 1, is read out of memory(not shoWn), and 
multiplied by means of a multiplier 14. A multiplied data 
having at most 2N bit length is generated at the multiplier 
14. Such a multiplied data is temporarily stored in a product 
register 16. The multiplied data stored in the product register 
16 is moved toWard an accumulating register 20 through an 
ALU(18) in a state in Which it is shifted by the bit number 
corresponding to the integer parts of the ?rst and second 
data. The data removed to the accumulating register 20 has 
a neW value in the case of data being operated by the ALU. 
An over?oW can be generated in the data Which is stored in 
the accumulating register 20. To this end, a serious error is 
generated in the data of the accumulating register 20. In 
order to reduce the serious error caused by the over?oW, 
DSPs in TMS320C5x series developed by Texas Instrument 
Co. Ltd., have a saturation operating function instead of 
having the over?oW prevention bits. On the other hand, 
DSPs of DSPS 600x series developed by Motorola Corp. add 
8 extra bits to the accumulating register 20 for the purpose 
of over?oW guarding as shoWn in FIG. 1. In this case, the 
ALU and the accumulating register 20 included in the DSP 
have a ‘8+2N’ bit length. When the 8 bit of extra bits are 
applied to the DSP having a 24 bit Wordlength, each of the 
ALU and the accumulating register 20 included in the DSP 
has a 56 bit length; While When the 8 bit of extra bits are 
applied to the DSP having a 20 bit Wordlength, each of them 
has a 46 bit length. The ALU and accumulating register, 
having a Wordlength of more than 48 bits causes the die siZe 
of the DSP chip as Well as the manufacturing cost thereof to 
be increased. Also, the operating speed of the DSP becomes 
sloW because a propagation delay amount, in the ALU 
having a large Wordlength, is great. 

The data stored in the accumulating register 20, herein 
after referred to as “accumulated data”, is saturated prior to 
being transferred to the memory. By this saturation process, 
the accumulated data is changed into a third data 22 having 
a bit length equal to the ?rst and second data 10 and 12. Prior 
to performing such a saturation process, some DSP alloWs a 
rounding operation to be performed. For example, the DSP 
of Motorola corp. converts the ‘8+2N’ bit data stored in the 
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2 
accumulator 20 into a ‘8+N’ bit data under a command Word 
‘rnd’. The saturation process to be performed after that time, 
changes the rounded data into an N bit of third data 22. 
The DSPs using the method as described above, addition 

ally Wastes one command Word or one clock period for the 
rounding operation. Due to this, clock periods additionally 
Wasted become great When the rounding operation is 
involved in a code segment including a looping or a block 
repeating. As a result, an operation amount performed by the 
DSP increases. 

Furthermore, the DSP in TMS320C5x model of Texas 
Instrument Co. Ltd. shift the data to be calculated With the 
ALU to the left by 0 to 16 bits using a pre-scaling shifter 
arranged at the previous stage of the ALU. In this case, the 
shift operation from the ‘0’ numbered bit to the ‘15’ num 
bered bit is usually used for scaling the data, but the shift 
operation to the ‘16’ numbered bit is used When performing 
a ?xed-point arithmetic rather than an integer arithmetic. 
This results from a fact that the 16 bit data read out of the 
memory must be arrayed to high order bits of the 32 bit 
accumulating register. The shift operation from the ‘0’ 
numbered bit to the ‘15’ numbered bit for scaling the data 
may or may not be used effectively depending upon a given 
algorithm, particularly upon a algorithm coding method. 
When performing an algorithm implemented With a code in 
Which the pre-scaling is not used effectively, the pre-scaling 
shifter causes the die siZe of the DSP chip to be enlarged and 
the propagation delay amount to be increased, Without any 
useful advantage. For example, the pre-scaling shifter 
included in the DSP of Motorola Corp. shift the data, by one 
bit, to the left or the right. Instead, the DSP of Motorola 
Corp. provides different multiplying command Words for the 
?xed-point arithmetic and the integer arithmetic, thereby 
absorbing an operation Which shifts the data, by 16 bits, to 
the left in the TMS320C5x of Texas Instrument Co. Ltd. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a digital signal processor that includes an ALU and 
an accumulating register having a short Wordlength. 

Further object of the present invention is to provide a 
digital signal processor that does not Waste an additional 
clock period at the time of rounding of data. 

Another object of the present invention is to provide a 
digital signal processor that is capable of effectively per 
forming an integer arithmetic and/or a ?xed-point arith 
metic. 

Still another object of the present invention is to provide 
a digital signal processor that is capable of performing an 
operation including a data scaling in a high speed. 

Still another object of the present invention is to provide 
a digital signal processor that can eliminate a rounding 
procedure of data. 

In order to achieve these and other objects of the 
invention, a digital signal processor according to an aspect 
of the present invention includes data input means for 
receiving a N-bit data; rounding bit adding means for adding 
r-bit rounding bits to the N-bit data from the data input 
means, Wherein r is smaller than N; guard bit adding means 
for adding g-bit guard bits to the high-order bits of the data 
from the rounding bit adding means; means for operating the 
data from the guard bit adding means; and rounding/ 
saturation means for making a rounding process, a saturation 
process and a combined process including the rounding and 
saturation processes for the data from the operating means. 
A digital signal processor according to still another aspect 

of the present invention includes data input means for 
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receiving an N-bit data; an alignment unit for aligning the 
N-bit data from the data input means to the left of (N+r)-bit 
bus; means for operating the data from the (N+r)-bit bus; and 
deriving means for deriving only the high-order N bits from 
the data from the operating means. 

Adigital signal processor according to still another aspect 
of the present invention includes input means for receiving 
an N-bit data; means for operating the data from the input 
means and a data from a feedback loop; a memory connected 
to the feedback loop for temporarily storing the data from 
the operating means; means for scaling the data from the 
input means; and selecting means for selectively transferring 
the data from the scaling means and the data from the 
operating means to the memory. 

Adigital signal processor according to still another aspect 
of the present invention includes data input means for 
receiving a N-bit data; guard bit adding means for adding 
g-bit guard bits to the high-order bits of the N-bit data from 
the data input means; means for operating the data from the 
guard bit adding means; and saturating means for making a 
saturation process of the data in accordance With logical 
values of the high-order (g+1) bits of the data from the 
operating means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the invention Will be apparent 
from the folloWing detailed description of the embodiments 
of the present invention With reference to the accompanying 
draWings, in Which: 

FIG. 1 is a vieW for schematically explaining an operation 
procedure in the conventional DSP of ?xed-point arithmetic 
system; 

FIG. 2 is a schematic vieW shoWing a con?guration of a 
DSP according to an embodiment of the present invention; 

FIG. 3 is a vieW for explaining a ?xed-point arithmetic 
procedure in Which a rounding bit number is reduced to r 
smaller than a data bit number N by means of the rounding/ 
saturation processor 86 shoWn in FIG. 2; 

FIG. 4 is a vieW for shoWing the part of performing the 
data rounding in FIG. 2; 

FIG. 5 is a block diagram for explaining the ?xed-point 
arithmetic procedure and the integer arithmetic procedure in 
FIG. 2; 

FIG. 6 is a vieW for shoWing the part of performing an 
operation including the scaling in the DSP of FIG. 2; 

FIG. 7 is a schematic vieW shoWing a con?guration of a 
DSP according to another embodiment of the present inven 
tion; and 

FIG. 8 is a schematic vieW for explaining a signal 
processing procedure in the DSP of FIG. 7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 2, there is shoWn a DSP according to an 
embodiment of the present invention that includes a ?rst 
register 30 for receiving N bit data from a ?rst external bus 
31, and ?rst and second bit alignment units 32 and 34 that 
are connected, in parallel, to the ?rst register 30. The ?rst 
external bus 31 is composed of N data lines commonly 
connected to a Working memory(not shoWn), and Which is 
used as an N bit ?rst read-only data bus. The ?rst register 30 
temporarily stores the N bit data from the memory by Way 
of the ?rst external bus 31. The ?rst and second bit align 
ment units 32 and 34 align the N bit data from the ?rst 
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4 
register 30 at the left or right of (N+r) bit bus to thereby 
extend the data from N bit into (N+r) bit. More speci?cally, 
the ?rst bit alignment unit 32 has a Wiring that connects N 
bit output lines of the ?rst register 30 to high-order N input 
terminals of the ?rst input port consisting of (N+r) terminals 
of a ?rst multiplexor 36. The second bit alignment unit 34 
has a Wiring that connects the N bit output lines of the ?rst 
register 30 to loW-order N input terminals of the second 
input port consisting of (N+r) terminals of the ?rst multi 
plexor 36. At this time, the high-order r bits are occupied 
With sign bits(positive(+) or negative(—) bits), or a value of 
‘0’ in accordance With a sign-extension mode of the DSP. 
The ?rst multiplexor 36 supplies (N+r) bit data at the ?rst 
input port or (N+r) bit data at the second input port to a ?rst 
guard bit adder 38 in accordance With a type of operation, 
that is, the ?xed-point/integer arithmetic. The ?rst guard bit 
adder 38 adds the (N+r) bit data from the ?rst multiplexor 36 
to guard bits of g bit. All the g bit of guard bits are set to ‘0’ 
or extends a sign of data. More speci?cally, all the g bit of 
guard bits have bits of logical value equal to the sign bit of 
(N+r) bit data When the sign-extension mode is set, and have 
bits of logical value of ‘0’ When the sign-extension mode is 
reset. The sign-extension mode is set or reset under a speci?c 
command Word. In order to add the g-bit guard bits to the 
(N+r) bit data, the ?rst guard bit adder 38 has a Wiring that 
connects the output port of the ?rst multiplexor 36 consist 
ing of (N+r) terminals to loW-order (N+r) lines in (g+N+r) 
lines included in a ?rst internal bus 35. 
The DSP further includes a second register 40 and a 

multiplier 46 that are connected, in series, to the ?rst 
external bus 31, and a second multiplexor 42 connected to 
the ?rst and second external buses 31 and 33. The second 
register 40 is responsible for temporarily storing the N bit 
data from the memory received via the ?rst external bus 31 
like the ?rst register 30. The second external bus 33 is 
composed of N lines commonly connected to a program 
mable memory and the second Working memory, not shoWn, 
and Which is used as the second read-only data bus. The 
second multiplexor 42 supplies to a third register 44 any one 
of the N bit data from the ?rst external bus 31 supplied to its 
?rst input port and the N bit data from the second external 
bus 33 supplied to its second input port. The third register 44 
temporarily stores the N bit data from the second multi 
plexor 42. The multiplier 46 multiplies tWo data stored in the 
second and third registers 40 and 44. The result multiplied 
by the multiplier 46 has 2N bit. Accordingly, a fourth 
register 48 for temporarily storing the data from the multi 
plier 46 must have a length of 2N bit. Abit alignment/guard 
bit adder 50 connected betWeen the fourth register 48 and a 
second internal bus 37 converts the 2N bit data stored in the 
fourth register 48 into (N+r) bit data (Wherein 2N>N+r) and 
adds g-bit guard bits to the converted (N+r) bit data. 
The DSP further includes third to ?fth multiplexors 52 to 

56 commonly connected to the ?rst internal bus 35. The third 
multiplexor 52 has ?rst to third input ports for receiving 
(g+N+r) bit data from the ?rst, second and fourth internal 
buses 35, 37 and 43, respectively. The third multiplexor 52 
supplies any one of three data from the ?rst, second and 
fourth internal buses 35, 37 and 43 to a ?rst ALU 58. The 
fourth multiplexor 54 includes a ?rst input port 39 for 
receiving a logical value of ‘0’, and second and third input 
ports for receiving the (g+N+r) bit data from the second and 
third internal buses 35 and 41. The ?rst ALU 58 operates tWo 
data from the third and fourth multiplexors 52 and 54 and 
supplies the operated result to a sixth multiplexor 62. The 
?fth multiplexor 56 also supplies the (g+N+r) bit data from 
the ?rst internal bus 35 and the (g+N+r) bit data from the 
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third internal bus 41 to a barrel shifter 60 selectively. The 
barrel shifter 60 scales a logical value of the data from the 
?fth multipleXor 56 and supplies the scaled data to the siXth 
multipleXor 62. For such a data scaling, the barrel shifter 60 
shifts the data from the ?fth multipleXor 56, by the bit 
number corresponding to a scaling amount, to the left or the 
light. Also, the barrel shifter 60 is connected, in parallel, to 
the ?rst ALU 58 to minimize a propagation delay time of 
data. Accordingly, the DSP can perform the four arithmetical 
operations, the scaling, the four arithmetical operations 
including the scaling at a high speed. The siXth multipleXor 
62 selectively supplies the four-arithmetical operated data of 
the (g+N+r) bit from the ?rst ALU 58 and the scaled data 
from the barrel shifter 60 to a ?fth or siXth register 64 or 66. 
The data stored in the ?fth or siXth register 64 or 66 is 
supplied to the third internal bus 41. The ?fth and siXth 
registers 64 and 66 are accumulating registers, Which con 
?gures a ?rst accumulator along With the ?rst ALU 58. The 
?fth and siXth registers 64 and 66 have a length of (g+N+r) 
bit so as to temporarily store the (g+N+r) bit data, and the 
third internal bus 41 also consists of (g+N+r) lines. 

The DSP further includes a seventh multipleXor 68 con 
nected to the ?rst and fourth internal buses 35 and 43, and 
an eighth multipleXor 70 connected to the ?rst and second 
internal buses 35 and 37. The seventh multipleXor 68 
includes a ?rst input port 45 for receiving a logical value of 
‘0’, and second and third input ports for receiving the 
(g+N+r) bit data from the ?rst and fourth internal buses 35 
and 43, respectively. The seventh multipleXor 68 supplies 
any one of three data at its ?rst to third input ports to a 
second ALU 72. The eighth multipleXor 70 has ?rst and 
second input ports for receiving the (g+N+r) bit data from 
the ?rst and second internal buses 35 and 37, respectively. 
The eighth multipleXor 70 supplies any one of tWo data from 
the ?rst and second internal buses 35 and 37 to the second 
ALU 72. The second ALU 72 operates tWo data from the 
seventh and eighth multipleXors 68 and 70 and supplies the 
operated result to a ninth multipleXor 74. The ninth multi 
pleXor 74 selectively supplies the operated data of (g+N+r) 
bit from the second ALU 72 and the scaled data from the 
barrel shifter 60 to the seventh or eighth register 76 or 78. 
The seventh or eighth register 76 or 78 supplies the data 
from the ninth multipleXor 74 to the fourth internal bus 43. 
The seventh or eighth register 76 or 78 is an accumulating 
register, Which constitutes a second accumulator along With 
the second ALU 72. The second accumulator is connected, 
in parallel, to the ?rst accumulator to make a parallel 
operation of a plurality of complex arithmetic equations. 
Each of the seventh and eighth registers 76 and 78 has a 
length of (g+N+r) bit so as to temporarily store the (g+N+r) 
bit data. Also, the seventh and eighth registers 76 and 78 
alloW a number of complex arithmetic equations to be 
operated at a high speed along With the ?fth and siXth 
registers 64 and 66. 

Furthermore, the DSP includes a tenth multipleXor 80 for 
selecting tWo (g+N+r) bit data from the third and fourth 
internal buses 41 and 43, and third and fourth bit alignment 
units 82 and 84 commonly connected to the tenth multi 
pleXor 80, and a rounding/saturation processor 82. The tenth 
multipleXor 80 commonly supplies to the third and fourth bit 
alignment units 82 and 84 and the rounding/saturation 
processor 86 any one of the (g+N+r) bit data, via the third 
internal bus 41, from the ?fth or siXth register 64 or 66 and 
the (g+N+r) bit data, via the fourth internal bus 23, from the 
seventh or eighth register 76 or 78. The third and fourth bit 
alignment units 82 and 84 derive only N bits from the 
(g+N+r) bit data from the tenth multipleXor 80 and supplies 
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6 
the derived N bit data to the ?rst and second input ports of 
the eleventh multipleXor 88. More speci?cally, the third bit 
alignment unit 82 derives only high-order (g+1)th bit to 
loW-order N bit data in the (g+N+r) bit data from the tenth 
multipleXor 80 and supplies the derived N bit data to the ?rst 
input port of the eleventh multipleXor 88. To this end, the 
third bit alignment unit 82 includes a Wiring that connects N 
terminals from the high-order (g+1)th terminal, that is, the 
remaining N terminals eXcept for the high-order g terminals 
and the loW-order r terminals, in the (g+N+r) output termi 
nals of the tenth multipleXor 80 to the ?rst input port of the 
eleventh multipleXor 88 consisting of N terminals. The third 
bit alignment unit 82 converts the (g+N+r) bit data into N bit 
data only by means of the Wring. The fourth bit alignment 
unit 84 derives only loW-order N bit data in the (g+N+r) bit 
data from the tenth multipleXor 80 and supplies the derived 
N bit data to the second input port of the eleventh multi 
pleXor 88. To this end, the fourth bit alignment unit 84 
includes a Wiring that connects the loW-order N terminals, 
that is, the remaining N terminals eXcept for the high-order 
(g+r) terminals, in the (g+N+r) output terminals of the tenth 
multipleXor 80 to the second input port of the eleventh 
multipleXor 88 consisting of N terminals. The fourth bit 
alignment unit 84 does not require a separate circuit block 
because it is con?gured With only the Wiring along With the 
?rst to third bit alignment units 32, 34 and 82. Accordingly, 
the ?rst to fourth bit alignment units 32, 34, 82 and 84 are 
capable of simplifying the circuit con?guration of DSP as 
Well as performing the ?Xed-point and integer arithmetical 
operations in a high speed. 
The rounding/saturation processor 86 is driven in a round 

ing process mode, a saturation process mode or a combined 
mode under a command from a controller(not shoWn). In the 
rounding mode, the rounding/saturation processor 86 checks 
a logical value of “r”th bit in the (g+N+r) bit data from the 
tenth multipleXor 80. If the logical value of loW-order “r”th 
bit is 1, the rounding/saturation processor 86 eliminates 
loW-order r bits from the (g+N+r) data to generate a (g+N) 
bit data. The (g+N) bit data is added to 1 by means of the 
rounding/saturation processor 86. The g bits are removed 
from the added (g+N) bit data to generate N bit data. The 
rounding/saturation processor 86 applies the N bit data to the 
eleventh multipleXor 88. Subsequently, in the saturation 
mode, the rounding/saturation processor 86 processes the 
data in accordance With the logical value of the high-order 
(g+1) bits from the (g+N+r) bit data from the tenth multi 
pleXor 80. More speci?cally, the rounding/saturation pro 
cessor 86 determines the generation of over?oW in accor 
dance With Whether or not all logical values of the high-order 
(g+1) bits(i.e., g guard bits and one sign bit) in the (g+N+r) 
bit data from the tenth multipleXor 80 are same. If so, the 
rounding/saturation processor 86 supplies the remaining N 
bit data eXcept for the high-order g bit and the loW-order r 
bit in the (g+N+r) bit data from the tenth multipleXor 80 to 
the third input port of the eleventh multipleXor 88 as the 
operated result. OtherWise, if not, the rounding/saturation 
processor 86 determines Whether a logical value of most 
signi?cant bit of g guard bits is ‘0’ or ‘1’. If a logical value 
of the most signi?cant bit is ‘0’, then the rounding/saturation 
processor 86 considers the data from the tenth multipleXor 
80 to be a positive(+) data provided With an over?oW and 
supplies a maXimum value of N bit data(i.e., “0111 . . . 11”), 
in Which only the most signi?cant bit has a logical value of 
‘0’, to the third input port of the eleventh multipleXor 88. 
OtherWise, if a logical value of the most signi?cant bit is ‘1’, 
the rounding/saturation processor 86 considers the data from 
the tenth multipleXor 80 to be a negative(—) data provided 
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With an over?ow and supplies N bit data(i.e., “1000 . . . 00”), 
in Which only the most signi?cant bit has a logical value of 
‘1’, to the third input port of the eleventh multiplexor 88. As 
described above, the saturation processor 86 accurately 
process a saturated logical value(i.e., a logical value gener 
ating an over?ow) of the data operated by means of the ALU 
58 or 72 based on logical values of guard bits and a sign bit. 
In the combination mode, the rounding/saturation processor 
86 performs the rounding process for the (g+N+r) bit data 
from the tenth multiplexor 80 and then performs the satu 
ration process for the rounded (g+N) bit data. The N bit data 
rounded and saturated using the rounding/saturation proces 
sor 86 in the above manner is applied to the eleventh 
multiplexor 88. In this case, the rounding/saturation proces 
sor 86 ?rst performs the rounding process for the loW-order 
bits, but performs the rounding and saturation process Within 
one clock period, so that it does not Waste an additional 
rounding process time. Accordingly, the rounding/saturation 
processor 86 provides an advantage in that it can round the 
?xed-point operated data Without Wasting an additional 
clock. The eleventh multiplexor 88 transfers any one of three 
N bit data form the third and fourth bit alignment units 82 
and 84 and the rounding/saturation processor 86 to the third 
external bus 47. The third external bus 47 consists of N lines 
including a Write only data bus and a Write only address bus. 

FIG. 3 shoWs a ?xed-point arithmetic procedure, in Which 
the number r of rounding bit is smaller than the number N 
of data bit, using the rounding/saturation processor 86 in 
FIG. 2. In FIG. 3, ?rst and second data 90 and 92 is 
sequentially read out of a memory(not shoWn) and each of 
Which has a length of N bit. The most signi?cant bit of each 
?rst and second data 90 and 92 includes a single sign bit 
indicating Whether its logical values is positive number or 
negative number. The ?rst and second data 90 and 92 are 
operated by the multiplier 46 shoWn in FIG. 2 to generate a 
third data 94 having a length of 2N bit. This third data 94 is 
changed into a (g+N+r)-bit ?fth data 98 by means of the bit 
alignment/guard bit adder 50 shoWn in FIG. 2, Wherein g and 
r represent the number of guard bits and the number of 
rounding bits, respectively. The ?fth data 98 is obtained by 
cutting aWay s-bit loW-order bits from the fourth data 96 and 
Which becomes to be a shape of input and output data of the 
ALUs 54 and 72. Further, the ?fth data 98 is temporarily 
stored in the accumulating register 64 or 76, or 66 or 78 
having a length of (g+N+r) bit by Way of the ALU 58 or 72. 
The ?fth data 98 stored in the accumulating register 64 or 76, 
or 66 or 78 is converted into a sixth data 100 having a length 
of N bit by processing it using the rounding/saturation 
processor 86 shoWn in FIG. 5. In a rounding-off/saturation 
combined mode, the ?fth data 98 is ?rst converted into a 
(g+N) bit data by rounding off it and, thereafter, is saturated 
in a different manner in accordance With Whether or not 

logical values of the high-order (g+l) bits(i.e., g guard bits 
and one sign bit) are same and Whether the most signi?cant 
guard bit is ‘1’ or ‘0’, Whereby it is ?nally converted into N 
bit data. If logical values of the high-order (g+1) bits are 
same, then the remaining N bits except for the high-order g 
bits in the rounded-off (g+N) bit data are converted into a 
sixth data 100. If logical values of the high order (g+1) bits 
are not same and the most signi?cant bit is ‘0’, then the 
rounded-off (g+N) bit data is regarded as a positive(+) data 
generating an over?oW and converted into a N-bit sixth data 
100, i.e., 0111 . . . 11” in Which the most signi?cant bit only 
has a logical value of ‘0’. OtherWise, if logical values of the 
high-order (g+1) bits are not same and the most signi?cant 
bit is ‘1’, then the rounded-off (g+N) bit data is regarded as 
a negative(—) data generating an over?oW and converted into 
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8 
a N-bit sixth data 100, i.e., “1000 . . . 00” in Which the most 
signi?cant bit only has a logical value of ‘1’. In such a 
procedure, the saturation process is omitted in the rounding 
off mode While the rounding-off mode is omitted in the 
saturation mode. The sixth data 100 calculated ?nally in 
accordance With this operation procedure has a very 
approximate value including an error minimiZed as much as 
possible. 

FIG. 4 shoWs a part of the DSP in FIG. 2 that performs the 
rounding of data. In FIG. 4, a (g+N+r)-bit ?rst data D1 is 
operated by means of the ALU 58 or 72 and, thereafter, 
temporarily stored in any one of the accumulating registers 
64, 66, 76 and 78. In the ?rst data D1, g represents the 
number of guard bits, N is the number of data bits stored in 
the memory(not shoWn) and r is the number of rounding bits. 
The third bit alignment unit 82 converts the ?rst data D1 into 
an N-bit second data D2 With the aid of the Wiring as 
described With reference to FIG. 2 Without an additional 
processing time. The rounding/saturation processor 86 
rounds the ?rst data D1 and then saturates the rounded data 
as described With reference to FIG. 2, thereby converting it 
the N-bit second data D2. The eleventh multiplexor 88 
selects an output data of the rounding/saturation processor 
86 and an output data of the third bit alignment unit 32 in 
accordance With Whether any one of a passing mode, the 
rounding process mode, the saturation process mode and the 
combined mode is selected by a command from a controller 
(not shoWn). More speci?cally, the eleventh multiplexor 88 
selects the output data of the rounding/saturation processor 
86 When one of the rounding process, saturation process and 
combined modes is selected. On the other hand, When the 
pass mode is selected, the eleventh multiplexor 88 selects an 
output data of the third bit alignment unit 82. By means of 
the rounding/saturation processor 86, the third bit alignment 
unit 82 and the eleventh multiplexor 88, the DSP does not 
Waste an additional time(i.e., a clock period) and hence 
process the data at a high speed. 

FIG. 5 is a block diagram for explaining the ?xed-point 
arithmetic process and the integer arithmetic process in FIG. 
2. In FIG. 5, the register 30 stores the N bit data from the 
memory(not shoWn) temporarily. The ?rst bit alignment unit 
32 aligns the N bit data from the register 30 to the left of the 
(N+r)bit bus With the aid of the Wiring. Likewise, the second 
bit alignment unit 34 aligns the N bit data from the register 
30 to the right of the (N+r) bit bus With the aid of the Wiring. 
Then, the logical value of high-order r bits is determined 
according to the sign extension mode. That is, if the sign 
extension mode is set up, all the high-order r bits have a sign 
bit of the N bit data. On the contrary, all the high-order r bits 
have “0” When the sign extension mode is reset. The 
accumulator 102 receives the (N+r) bit data from the ?rst bit 
alignment unit 32 to perform a ?xed-point arithmetic, or 
receives the (N+r) bit data from the second bit alignment 
unit 34 to perform an integer arithmetic. The accumulator 
102 is provided With the ALU 58 or 72 and the registers 64 
and 66, or the registers 76 and 78. The third bit alignment 
unit 82 transfers only the high-order N bits in the (N+r) bit 
data from the accumulator 102 to the memory With the aid 
of the Wiring structure. Accordingly, the ?rst and third bit 
alignment units 32 and 82 align the data to the left by means 
of the Wiring, thereby performing the ?xed-point arithmetic 
at a high speed. The fourth bit alignment unit 84 transfers 
only the loW-order N bits in the (N+r) bit data from the 
accumulator 102 to the memory With the aid of the Wiring 
structure. Accordingly, the second and fourth bit alignment 
units 34 and 84 align the data to the right by means of the 
Wiring, thereby performing the integer arithmetic at a high 
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speed. By aligning the data With the aid of the Wiring as 
described above, the DSP does not require an additional 
circuit block such as shifter and allows the fast ?xed-point 
and integer arithmetics. FIG. 6 shoWs a circuit con?guration 
for performing a adding/subtracting arithmetical operation 
including a scaling in the DSP of FIG. 2. In FIG. 6, the barrel 
shifter 60 is coupled to the ?rst ALU 58 in parallel and 
commonly connected to tWo accumulating registers 64 and 
76. When the adding/subtracting arithmetical operation 
includes scaling, the accumulating register 76 temporally 
stores data scaled previously by the barrel shifter 60. The 
data stored in the accumulating register 76 is applied to the 
?rst ALU 58 to be performed by the adding/subtracting 
arithmetical operation, during the next cycle. A result of the 
adding/subtracting arithmetical operation is stored in the 
accumulating register 64. The circuitry structure as 
described above has a critical path shorter than DSPs in 
TMS320C5x series Which are developed by Texas Instru 
ment Co. Ltd. and have a serial circuit of the barrel shifter 
and ALU. Furthermore, the circuitry structure is effective 
rather than DSPs having only one register and a parallel 
circuit of the barrel shifter and ALU. That is, the circuit 
structure consumes cycles smaller than other DSPs. More 
speci?cally, the data progresses from the ?rst external bus 
31, via the ?rst register 30, the third multiplexor 52, the ?rst 
ALU 58, the sixth multiplexor 62, the ?fth register 64 and 
the eleventh multiplexor 88 in turn, to the third external bus 
47; from the ?rst external bus 31, via the ?rst register 30, the 
?fth multiplexor 56, the barrel shifter 60, the sixth multi 
plexor 62, the ?fth register 64 and the eleventh multiplexor 
88 in turn, to the third external bus 47; or from the ?rst 
external bus 31, via the ?rst register 30, the ?fth multiplexor 
56, the barrel shifter 60, the seventh register 76 and the 
eleventh multiplexor 88 in turn, to the third external bus 47. 
The barrel shifter 60 is connected, in parallel, to the ?rst 
ALU 58, so that the DSP is capable of minimiZing the 
propagation delay time. Also, the number of clock required 
for the operation can be minimiZed because tWo accumu 
lating registers are provided to one ALU. Accordingly, the 
DSP can perform the adding/subtracting arithmetical 
operation, the scaling, and the adding/subtracting arithmeti 
cal operation including the scaling at a high speed. 

Referring to FIG. 7, there is shoWn a DSP according to 
another embodiment of the present invention. The DSP 
shoWn in FIG. 7, is most suitable for performing “AC-3” 
suggested as an audio compression and reconstruction algo 
rithm by Dolby Co. Ltd. More speci?cally, the DSP of FIG. 
7 performs effectively signal processing steps for recovering 
a pulse code modulated signal from a signal compressed by 
means of the AC-3. An accumulating register and ALU 
included in the DSP of FIG. 7 have a Word length shorter 
than those in prior DSPs. Actually, if the Word length of data 
is N, the DSP according to another embodiment of present 
invention requires a accumulating register and ALU each 
having (g+N) bit length. That is, the number of rounding bits 
is established as “0” so that the effect of the DSP having a 
(g+N+r) bit ALU and accumulating register is maximiZed. In 
the DSP including the (g+N) bit ALU and accumulating 
register, an FFT coef?cient storing and butter?y arithmetical 
operation must be appropriately performed to minimiZe 
arithmetical errors generated at the arithmetical operation. 
This results from that the arithmetical errors are large or 
small in accordance With the selection of the storing and 
operating methods. To select the storing and operating 
methods appropriately, it is identi?ed Whether the errors are 
offset or not, through an analysis of the ?xed-point arith 
metical operating steps. The process of selecting the storing 
and operating methods Will be described in the following. 
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10 
Return to FIG. 7, the DSP according to another embodi 

ment of the present invention includes a ?rst register 130 for 
receiving N bit data from a ?rst external bus 131, and a 
guard bit adder 132 connected to the ?rst register 130. The 
?rst external bus 131 is composed of N data lines commonly 
connected to a Working memory(not shoWn), and Which is 
used as an N-bit ?rst read-only data bus. The ?rst register 
130 temporarily stores the N bit data from the memory by 
Way of the ?rst external bus 131. The guard bit adder 132 
adds g-bit guard bits to the N bit data from the ?rst register 
130. The g-bit guard bits are set to ‘0’ or extends a sign of 
data. More speci?cally, all the g-bit guard bits have a logical 
value identical to the sign bit of data When the sign 
extension mode is set, and have a logical value of ‘0’ When 
the sign-extension mode is reset. In order to add the g-bit 
guard bits to the N bit data, the guard bit adder 132 has a 
Wiring that connects the output port of the ?rst register 130 
consisting of N terminals to the loW-order N lines in (g+N) 
lines included in a ?rst internal bus 135. 
The DSP further includes a second register 136 and a 

multiplier 140 that are connected, in series, to the ?rst 
external bus 131, and a ?rst multiplexor 134 connected to 
the ?rst and second external buses 131 and 133. The second 
register 136 is responsible for temporarily storing the N bit 
data from the memory received via the ?rst external bus 131 
like the ?rst register 130. The second external bus 133 is 
composed of N lines commonly connected to a program 
mable memory and the second Working memory, not shoWn, 
and Which is used as the second read-only data bus. In the 
programmable memory, a cosine constant and a sine con 
stant for the IFFT are stored as the same sign. This prevent 
a generation of error in the reverse transform. The ?rst 
multiplexor 134 supplies to a third register 138 any one of 
the N bit data from the ?rst external bus 131 supplied to its 
?rst input port and the N bit data from the second external 
bus 133 supplied to its second input port. The third register 
138 temporarily stores the N bit data from the ?rst multi 
plexor 134. The multiplier 140 multiplies tWo data stored in 
the second and third registers 136 and 138. The result 
multiplied by the multiplier 46 may have 2N bit. 
Accordingly, a fourth register 142 for temporarily storing the 
data from the multiplier 140 has a length of 2N bit. A bit 
controller 144 connected betWeen the fourth register 142 and 
a second internal bus 137 converts the 2N bit data stored in 
the fourth register 142 into N bit data and adds g-bit guard 
bits to the converted (N+r) bit data. To this end, the bit 
controller 144 has a Wiring that connects the output port of 
the fourth register 142 consisting of N terminals to the 
loW-order N lines in the (g+N) lines included in the second 
internal bus 137. 
The DSP further includes second to fourth multiplexors 

146 to 150 commonly connected to the ?rst internal bus 135. 
The second multiplexor 146 has ?rst to third input ports for 
receiving a (g+N) bit data from the ?rst, second and fourth 
internal buses 135, 137 and 143, respectively. The second 
multiplexor 146 supplies any one of three data from the ?rst, 
second and fourth internal buses 135, 137 and 143 to a ?rst 
ALU 152. The third multiplexor 148 includes a ?rst input 
port 139 for receiving a logical value of ‘0’, and second and 
third input ports for receiving the (g+N) bit data from the 
?rst and third internal buses 135 and 141. The third multi 
plexor 148 supplies any one of three data at its ?rst to third 
input ports to the ?rst ALU 152. The ?rst ALU 152 operates 
tWo data from the second and third multiplexors 146 and 148 
and supplies the operated result to a ?fth multiplexor 156. 
The fourth multiplexor 150 also supplies the (g+N) bit data 
from the ?rst internal bus 135 and the (g+N) bit data from 
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the third internal bus 141 to a barrel shifter 154 selectively. 
The barrel shifter 154 scales a logical value of the data from 
the fourth multiplexor 150 and supplies the scaled data to the 
?fth multiplexor 156. For such a data scaling, the barrel 
shifter 154 shifts the data from the fourth multiplexor 150, 
by the bit number corresponding to a scaling amount, to the 
left or the right. Also, the barrel shifter 154 is connected, in 
parallel, to the ?rst ALU 152 to minimize a propagation 
delay time of data. Accordingly, the DSP can perform the 
four arithmetical operations, the scaling, and the four arith 
metical operations including the scaling at a high speed. The 
?fth multiplexor 156 selectively supplies the four 
arithmetical operated data of the (g+N) bit from the ?rst 
ALU 152 and the scaled data from the barrel shifter 154 to 
a ?fth or sixth register 158 or 160. The data stored in the ?fth 
or sixth register 158 or 160 is supplied to the third internal 
bus 141. The ?fth and sixth registers 158 and 160 are 
accumulating registers, Which con?gures a ?rst accumulator 
along With the ?rst ALU 152. The ?fth and sixth registers 
158 and 160 have a length of (g+N) bit so as to temporarily 
store the (g+N) bit data, and the third internal bus 141 also 
consists of (g+N) lines. 

The DSP further includes a sixth multiplexor 162 con 
nected to the ?rst and fourth internal buses 135 and 143, and 
a seventh multiplexor 164 connected to the ?rst and second 
internal buses 135 and 137. The sixth multiplexor 162 
includes a ?rst input port 145 for receiving a logical value 
of ‘0’, and second and third input ports for receiving the 
(g+N) bit data from the ?rst and fourth internal buses 135 
and 143, respectively. The sixth multiplexor 162 supplies 
any one of three data at its ?rst to third input ports to a 
second ALU 166. The seventh multiplexor 164 has ?rst and 
second input ports for receiving the (g+N) data form the ?rst 
and second internal buses 135 and 137, respectively. The 
seventh multiplexor 164 supplies any one of tWo data from 
the ?rst and second internal buses 135 and 137 to the second 
ALU 166. The second ALU 166 operates tWo data from the 
sixth and seventh multiplexors 162 and 164 and supplies the 
operated result to an eighth multiplexor 168. The eighth 
multiplexor 168 selectively supplies the operated data of 
(g+N) bit from the second ALU 166 and the scaled data from 
the barrel shifter 154 to the seventh or eighth register 170 or 
172. The seventh or eighth register 170 or 172 supplies the 
data from the eighth multiplexor 168 to the fourth internal 
bus 143. The seventh or eighth register 170 or 172 is an 
accumulating register, Which constitutes a second accumu 
lator along With the second ALU 166. The second accumu 
lator is connected, in parallel, to the ?rst accumulator to 
make a parallel operation of at least tWo complex arithmetic 
equations. Each of the seventh and eighth registers 170 and 
172 has a length of (g+N) bit so as to temporarily store the 
(g+N) bit data. Also, the seventh and eighth registers 170 
and 172 alloW a number of complex arithmetic equations to 
be operated at a high speed along With the ?fth and sixth 
registers 158 and 160. 

Furthermore, the DSP includes a ninth multiplexor 174 
for selecting tWo (g+N) bit data from the third and fourth 
internal buses 141 and 143, and a bit alignment units 176 and 
a saturation processor 178 commonly connected to the ninth 
multiplexor 174. The ninth multiplexor 174 commonly 
supplies to the bit alignment units 176 and the saturation 
processor 178 any one of the (g+N) bit data, via the third 
internal bus 41, from the ?fth or sixth register 158 or 160 and 
the (g+N) bit data, via the fourth internal bus 123, from the 
seventh or eighth register 170 or 172. The bit alignment units 
176 derive only N bits from the (g+N) bit data from the ninth 
multiplexor 174 and supplies the derived N bit data to the 
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12 
?rst input port of the eleventh multiplexor 180. More 
speci?cally, the bit alignment unit 176 derives only the 
loW-order N bit data in the (g+N) bit data from the ninth 
multiplexor 174 and supplies the derived N bit data to the 
?rst input port of the tenth multiplexor 180. To this end, the 
bit alignment unit 176 includes a Wiring that connects the 
loW-order N terminals, that is, the remaining N terminals 
except for the high-order g terminals in the (g+N) output 
terminals of the ninth multiplexor 174 to the ?rst input port 
of the tenth multiplexor 180 consisting of N terminals. The 
bit alignment unit 176 does not require an additional circuit 
block because it is con?gured With the Wiring only. 
Accordingly, the bit alignment unit 176 is capable of sim 
plifying the circuit con?guration of the DSP and alloWs the 
?xed-point arithmetic to be performed at a high speed. The 
saturation processor 178 performs a saturation process under 
a command from a controller(not shoWn). The saturation 
processor 178 processes the data in accordance With logical 
values of the high-order (g+l) bits in the (g+N) bit data from 
the ninth multiplexor 174. More speci?cally, the saturation 
processor 178 determines the generation of over?oW in 
accordance With Whether or not all logical values of the 
high-order (g+l) bits(i.e., g guard bits and one sign bit) in the 
(g+N) bit data from the ninth multiplexor 174 are same. If 
so, the saturation processor 178 supplies the loW-order N bit 
data in the (g+N) bit data from the ninth multiplexor 174 to 
the second input port of the tenth multiplexor 180 as the 
operated result. OtherWise, if not, the saturation processor 
178 determines Whether a logical value of the most signi? 
cant bit of g guard bits is ‘0’ or ‘1’. If a logical value of the 
most signi?cant bit is ‘0’, then the saturation processor 178 
considers the data from the ninth multiplexor 174 to be a 
positive(+) data provided With an over?oW and supplies a 
maximum value of N bit data(i.e., “0111 . . . 11”), in Which 
only the most signi?cant bit has a logical value of ‘0’, to the 
second input port of the tenth multiplexor 180. OtherWise, if 
a logical value of the most signi?cant bit is ‘1’, the saturation 
processor 178 considers the data from the ninth multiplexor 
174 to be a negative(—) data provided With an over?oW and 
supplies N bit data(i.e., “1000 . . . 00”), in Which only the 
most signi?cant bit has a logical value of ‘1’, to the second 
input port of the tenth multiplexor 180. As described above, 
the saturation processor 178 accurately process a saturated 
logical value(i.e., a logical value generating an over?oW) of 
the data operated by means of the ALU 152 or 166 based on 
logical values of guard bits and a sign bit. As described 
above, in the data output from the ninth multiplexor 174, the 
saturation process only is performed, but the rounding 
process is not processed. This result in an improvement in 
the data operation speed. Th tenth multiplexor 180 transfers 
any one of tWo N bit data from the bit alignment unit 176 and 
the saturation processor 178 to the third external bus 147. 
The third external bus 147 consists of N lines including a 
Write data bus and a Write address bus. 

FIG. 8 shoWs a ?xed-point arithmetic procedure per 
formed by means of the DSP in FIG. 7. In FIG. 8, ?rst and 
second data 190 and 192 are sequentially read out of a 
memory(not shoWn) and each of Which has a length of N bit. 
The most signi?cant bit of each ?rst and second data 190 and 
192 includes a single sign bit indicating Whether its logical 
values is positive number or negative number. The ?rst and 
second data 190 and 192 are operated by the multiplier 140 
shoWn in FIG. 5 to generate a third data 194 having a length 
of 2N bit. This third data 194 is shift by a predetermined bits 
When it is transferred from the multiplier 140 to the fourth 
register 142 and is converted into a fourth data 196. The 
fourth data 196 is converted into a ?fth data 198 having a 
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Wordlength of (g+N) When it is transferred, via the bit 
controller 144 in FIG. 10, to the ALU 152 or 166. At this 
time, the bit controller 144 cuts away the loW-order N bits 
of the fourth data 196 and adds g-bit guard bits to the 
remaining high-order bits of the N bits of the fourth data 
196. The ?fth data 198 is operated by means of the ALUs 
152 and 166 and then temporarily stored in the accumulating 
register 158 or 170, or 160 or 172 having a length of (g+N) 
bit. The ?fth data 198 stored in the accumulating register 158 
or 170, or 160 or 172 is converted into a sixth data 200 
having a length of N bit by processing it using the saturation 
processor 178 shoWn in FIG. 10. At this time, the ?fth data 
198 is processed in a different manner in accordance With 
Whether or not logical values of the high-order (g+1) bits 
(i.e., g guard bits and one sign bit) are same and Whether the 
most signi?cant guard bit is ‘1’ or ‘0’, and it is ?nally 
converted into N bit data. If logical values of the high-order 
(g+1) bits are same, then the ?fth data 198 is converted into 
the sixth data 200 having the remaining N bits except for the 
high-order g bits in the (g+N) bits. If logical values of the 
high order (g+1) bits are not same and the most signi?cant 
bit is ‘0’, then the ?fth data 198 is regarded as a positive(+) 
data generating an over?oW and converted into a N-bit sixth 
data 200, i.e., “0111 . . . 11” in Which the most signi?cant bit 

only has a logical value of ‘0’. OtherWise, if logical values 
of the high-order (g+1) bits are not same and the most 
signi?cant bit is ‘1’, then the ?fth data is regarded as a 
negative(—) data generating an over?oW and converted into 
a N-bit sixth data 200, i.e., “1000 . . . 00” in Which the most 

signi?cant bit only has a logical value of ‘1’. As described 
above, in the DSP according to the present invention, the 
lengths of ALU and accumulating register are reduced to 
(g+N) bits to thereby reduce the circuitry siZe. As a result, 
the response speed of the DSP according to the present 
invention becomes fast. It Will be proved from an analysis of 
the quantization error generated in the operation procedure 
that the extent of error in the DSP according to an embodi 
ment of the present invention is minimiZed. 

First, it is assumed that a data cut-aWay occurs in a 
process in Which tWo data (a,b) are multiplied by means of 
the multiplier in FIG. 10 and transferred from the multiplier 
140 to the ALU 152 or 166. The quantization error generated 
in this process can be formulated into the folloWing equa 
tions: 

When applying the equations (1) to the IFFT algorithm 
having a block length of 8, an error in the IFFT output has 
tWo types of distribution. In the ?rst distribution, When 
maintaining original signs of the cosine and sine constants or 
inverting tWo types of constant sign, the average value of the 
quantiZation error in the IFFT output can be given as the 
folloWing expression: 
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In the second distribution, When a sign in any one of tWo 

types of constant is inverted, the average value of the 
quantiZation error in the IFFT output can be given as the 
folloWing expression: 

All the quantiZation error in the formula (2) is positioned 
at the imaginary number part; While all the quantiZation 
error in the formula (3) is positioned at the real number part. 
The above-mentioned distribution of the quantiZation error 
becomes different by the post-IFFT process. Prior to 
explaining this, the post-IFFT process Will be brie?y 
described. In the post-IFFT process, complex number 
samples in Which the complex number IFFT step is per 
formed is re-distributed in accordance With the correspond 
ing block length. In other Words, When the block length is 
128, the post-IFFT can be formulated into the folloWing 
equation: 

In the equation (4), xcos1[n] is —cos(2rc~(8n+1)/(32 128)) 
and xsin1[n] is S1I1(2J'|§'(8I1+1)/(32'128)). As seen from the 
equation (4), because the quantiZation error in the complex 
number IFFT output is distributed in the imaginary number 
part in the ?rst case, the quantiZation error having a different 
sign is distributed in the real number part and the imaginary 
part at the post-IFFT output. On the other hand, because the 
quantiZation error in the complex number IFFT output is 
distributed at the real number part in the second case, the 
quantiZation error having the same sign is distributed in the 
real number part and the imaginary part at the post-IFFT 
output. The quantiZation error in the ?rst case is canceled by 
a WindoW operation folloWed by the post-IFFT; While the 
quantiZation error in the second case exists even When the 
WindoW operation folloWed by the post-IFFT is performed. 
Therefore, since the cosine and sine constants for the IFFT 
are stored in the memory(i.e., the programmable memory or 
the Working memory) as the same sign, quantiZation errors 
due to the data cut-aWay in the DSP according to an 
embodiment of the present invention are canceled each 
other. 
As described above, the DSP according to the present 

invention controls the number of data bits (i.e., the 
Wordlength) supplied to the ALU With the aid of the Wiring 
and alloWs the number of rounding bits (i.e., r) to be smaller 
than N, so that it can shorten the length of the ALU and the 
accumulating register. If the number of the rounding bits is 
“0”, it can further shorten the length of the ALU and the 
accumulating register. Also, in the DSP according to the 
present invention, the rounding of data is simultaneously 
performed at the time of the saturation process of data to 
thereby eliminate a clock required for the rounding process 
of data. Accordingly, the DSP according to the present 
invention can perform a signal process requiring the 
rounding, at a high speed. 

Further, in the DSP according to the present invention, the 
bit alignment units implemented With the Wiring are 
arranged at the pre-stage or the post-stage of the 
accumulator, thereby performing the ?xed-point and integer 
arithmetics in a high speed as Well as simplifying the circuit 
con?guration. 
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Furthermore, the DSP according to the present invention 
is capable of minimizing the propagation delay time as Well 
as reducing the number of clocks required for the operation 
by connecting the barrel shifter to the ALU in parallel. 
Accordingly, the DSP according to the present invention can 
perform the operation, the scaling and the operation includ 
ing the scaling at a high speed. 

Furthermore, the DSP according to the present invention 
makes a parallel operation of tWo complex arithmetical 
equations using a pair of ALUs connected in parallel, 
thereby operating a number of compleX arithmetical equa 
tions at a high speed. 

Although the present invention has been explained by the 
embodiments shoWn in the draWings described above, it 
should be understood to the ordinary skilled person in the art 
that the invention is not limited to the embodiments, but 
rather than that various changes or modi?cations thereof are 
possible Without departing from the spirit of the invention. 
Accordingly, the scope of the invention shall be determined 
only by the appended claims and their equivalents. 
What is claimed is: 
1. A digital signal processor, comprising: 
data input means for receiving a N-bit data; 
rounding bit adding means for adding r-bit rounding bits 

to the N-bit data from the data input means, Wherein r 
is smaller than N; 

guard bit adding means for adding g-bit guard bits to the 
high-order bits of the data from the rounding bit adding 
means; 

means for performing a prescribed operation based on the 
data from the guard bit adding means; and 

rounding/saturation means for making a rounding 
process, a saturation process and a combined process 
including the rounding and saturation processes, for the 
data from the prescribed operation means. 

2. The digital signal process as claimed in claim 1, 
Wherein said rounding/saturation means includes: 

rounding processor for rounding the data from prescribed 
operation means; and 

saturating processor for saturating the data from the 
rounding processor in accordance With logical values of 
the high-order (g+1) bits of the data. 

3. The digital signal processor as claimed in claim 2, 
Wherein said saturating processor saturates the data from the 
rounding processor at the combined process. 

4. The digital signal processor as claimed in claim 3, 
Wherein said rounding processor performs steps of: 

checking a logical value of loW-order r-th bit in the bit 
data from the prescribed operation means; 

eliminating the loW-order r-bits from the bit data; and 
adding a logical value of “1” to the data after the loW 

order r-bits are eliminated. 
5. The digital signal processor as claimed in claim 3, 

Wherein said saturating processor selectively generates an 
N-bit data, in Which the most signi?cant bit only has a 
logical value of ‘0’, and an N-bit data, in Which the most 
signi?cant bit only has a logical value of ‘1’, When the 
logical value of the high-order (g+1) bits of the data from 
any one of the prescribed operation means and rounding 
processor are different. 

6. The digital signal processor as claimed in claim 3, 
Wherein said saturating means generates an N-bit data, in 
Which the most signi?cant bit only has a logical value of ‘0’, 
When a logical value of the most signi?cant bit of the data 
from any one of the prescribed operation means and round 
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ing is ‘0’, and generates an N-bit data, in Which the most 
signi?cant bit only has a logical value of ‘1’, When a logical 
value of the most signi?cant bit of the data from any one of 
the prescribed operation means and rounding processor is 
‘1’. 

7. The digital signal processor as claimed in claim 3, 
Wherein said rounding bit adding means is implemented 
With a Wiring. 

8. The digital signal processor as claimed in claim 3, 
Wherein said guard bit adding means is implemented With a 
Wiring. 

9. A digital signal processor, comprising: 
data input means for receiving a N-bit data; 
rounding bit adding means for adding r-bit rounding bits 

to the N-bit data from the data input means, Wherein r 
is smaller than N; 

guard bit adding means for adding g-bit guard bits to the 
high-order bits of the data from the rounding bit adding 
means; 

operational logic means for performing a prescribed 
operation based on the data from the guard bit adding 
means and the data from a feedback loop; 

a memory connected to the feedback loop for temporarily 
storing the data from the operational logic means; 

means for scaling the data from the guard bit adding 
means; 

selecting means for selectively transferring the data from 
the scaling means and the data from the guard bit 
adding means to the memory; and 

rounding/saturation means for making a rounding 
process, a saturation process and a combined process 
including the rounding and saturation processes, for the 
data memory. 

10. A digital signal processor, comprising: 
data input means for receiving a N-bit data; 
rounding bit adding means for adding r-bit rounding bits 

to the N-bit data from the data input means, Wherein r 
is smaller than N; 

guard bit adding means for adding g-bit guard bits to the 
high-order bits of the data from the rounding bit means; 

means for storing a multiplied value of tWo N-bit data; 
Wiring aligning/guard bit adding means for deriving a 

(g+N+r)-bit data from the multiplied value from the 
storing means; 

means for performing a prescribed operation based on tWo 
accumulated values of data from the Wiring aligning/ 
guard bit adding means; 

rounding/saturation means for making a rounding 
process, a saturation process and a combined process 
including the rounding and saturation processes, for the 
data from a memory. 

11. A digital signal processor, comprising: 
data input means for receiving an N-bit data; 
an alignment unit for aligning the N-bit data from the data 

input means to the left of a (N+r)-bit bus; 
means for performing a prescribed operation based on the 

data from the alignment unit through the (N+r)-bit bus; 
and 

deriving means for deriving only the high-order N bits 
from the data from the prescribed operation means. 

12. The digital signal processor as claimed in claim 11, 
Wherein said alignment unit is implemented With a Wiring. 

13. The digital signal processor as claimed in claim 11, 
Wherein said deriving means is implemented With a Wiring. 
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14. A digital signal processor, comprising: 
data input means for receiving an N-bit data; 
an alignment unit for aligning the N-bit data from the data 

input means to the left of a (N+r)-bit bus; 
means for performing a prescribed operation based on the 

data from the alignment unit through the (N+r)-bit bus; 
and 

deriving means for deriving only the loW-order N bits 
from the data from the prescribed operation means. 

15. A digital signal processor, comprising: 
data input means for receiving an N-bit data; 
a ?rst alignment unit for aligning the N-bit data from the 

data input means to the left of ?rst (N+r)-bit bus; 
a second alignment unit for aligning the N-bit data from 

the data input means to the right of second (N+r)-bit 
bus; 

?rst selecting means for selecting the data from any one 
of the ?rst and second alignment units; 

means for performing a prescribed operation based on the 
data from the ?rst selecting means; 

?rst deriving means for deriving only the high-order N 
bits from the data from the prescribed operation means; 

second deriving means for deriving only the loW-order N 
bits from the data from the prescribed operation means; 
and 

second selecting means for selecting the data from any 
one of the ?rst and second driving means. 

16. A digital signal processor, comprising: 
data input means for receiving an N-bit data; 
an alignment unit for aligning the N-bit data from the data 

input means from the data input means to the left of a 

(N+r)-bit bus; 
guard bit adding means for adding g-bit guard bits to the 

high-order bits of the data from the alignment unit; 
means for performing a prescribed operation based on the 

data from the guard bit adding means; 
deriving means for deriving loW-order N bits beginning at 

the high-order (g+1) numbered bit from the data from 
the prescribed operation means; 

rounding/saturation means for making a rounding 
process, a saturation process and a combined process 
including the rounding and saturation processes for the 
data from the prescribed operation means; and 

selecting means for selecting the data from any one of the 
deriving means and the rounding/saturating means. 

17. A digital signal processor, comprising: 
data input means for receiving an N-bit data; 
an alignment unit for aligning the N-bit data from the data 

input means from the data input means to the left of a 

(N+r)-bit bus; 
guard bit adding means for adding g-bit guard bits to the 

high-order bits of the data from the alignment unit; 
means for performing a prescribed operation based on the 

data from the guard bit adding means; 
deriving means for deriving loW-order N bits among the 

data from the prescribed operation means; 
rounding/saturation means for making a rounding 

process, a saturation process and a combined process 
including the rounding and saturation processes for the 
data from the prescribed operation means; and 

selecting means for selecting the data from any one of the 
deriving means and the rounding/saturating means. 
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18. A digital signal processor, comprising: 
data input means for receiving an N-bit data; 

a ?rst alignment unit for aligning the N-bit data from the 
data input means to the left of ?rst (N+r)-bit bus; 

a second alignment unit for aligning the N-bit data from 
the data input means to the right of second (N+r)-bit 
bus; 

?rst selecting means for selecting the data from any one 
of the ?rst and second (N+r)-bit buses; 

guard bit adding means for adding g-bit guard bits to the 
high-order bits of the data from the ?rst selecting 
means; 

means for performing a prescribed operation based on the 
data from the guard bit adding means; 

?rst deriving means for deriving the high-order N bits 
from the data from the prescribed operation means; 

second deriving means for deriving the loW-order N bits 
beginning at the high-order (g+1) numbered bit from 
the data from the prescribed operation means; 

rounding/saturation means for making a rounding 
process, a saturation process and a combined process 
including the rounding and saturation processes for the 
data from the prescribed operation means; and 

second selecting means for selecting the data from any 
one of the ?rst and second deriving means and the 
rounding/saturating means. 

19. A digital signal processor, comprising: 
data input means for receiving an N-bit data; 

an alignment unit for aligning the N-bit data from the data 
input means from the data input means to the left of a 

(N+r)-bit bus; 
guard bit adding means for adding g-bit guard bits to the 

high-order bits of the data from the alignment unit 
through the (N+r)-bit bus; 

means for performing a prescribed operation based on the 
data from the guard bit adding means and a data from 
a feedback loop; 

a memory connected to the feedback loop for temporarily 
storing the data from the prescribed operation means; 

means for scaling the data from the guard bit adding 
means; 

?rst selecting means for selectively transferring the data 
from the scaling means and the data from the operating 
means to the memory; 

means for deriving the loW-order N bits beginning at the 
high-order (g+1) numbered bit from the data from the 
prescribed operation means; 

rounding/saturation means for making a rounding 
process, a saturation process and a combined process 
including the rounding and saturation processes for the 
data from the memory; and 

second selecting means for selecting the data from any 
one of the deriving means and the rounding/saturating 
means. 

20. A digital signal processor, comprising: 
data input means for receiving an N-bit data; 
an alignment unit for aligning the N-bit data from the data 

input means from the data input means to the right of 
a (N+r)-bit bus; 

guard bit adding means for adding g-bit guard bits to the 
high-order bits of the data from the (N+r)-bit bus; 
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means for performing a prescribed operation based on the 
data from the guard bit adding means and a data from 
a feedback loop; 

a memory connected to the feedback loop for temporarily 
storing the data from the prescribed operation means; 

means for scaling the data from the guard bit adding 
means; 

?rst selecting means for selectively transferring the data 
from the scaling means and the data from the pre 
scribed operation means to the memory; 

means for deriving the loW-order N bits from the data 
from the memory; 

rounding/saturation means for making a rounding 
process, a saturation process and a combined process 
including the rounding and saturation processes for the 
data from the memory; and 

second selecting means for selecting the data from any 
one of the deriving means and the rounding/saturating 
means. 

21. A digital signal processor, comprising: 
data input means for receiving an N-bit data; 
a ?rst alignment unit for aligning the N-bit data from the 

data input means from the data input means to the left 
of ?rst (N+r)-bit bus; 

a second alignment unit for aligning the N-bit data from 
the data input means to the right of second (N+r)-bit 
bus; 

?rst selecting means for selecting the data from any one 
of the ?rst and second (N+r)-bit buses; 

guard bit adding means for adding g-bit guard bits to the 
high-order bits of the data from the ?rst selecting 
means; 

means for performing a prescribed operation based on the 
data from the guard bit adding means and a data from 
a feedback loop; 

a memory connected to the feedback loop for temporarily 
storing the data from the prescribed operation means; 

means for scaling the data from the guard bit adding 
means; 

second selecting means for selectively transferring the 
data from the scaling means and the data from the 
prescribed operation means to the memory; 

?rst deriving means for deriving the loW-order N bits 
from the data from the memory; 

second deriving means for deriving the high-order N bits 
beginning at the high-order (g+1) numbered bit from 
the data from the memory; 

rounding/saturation means for making a rounding 
process, a saturation process and a combined process 
including the rounding and saturation processes for the 
data from the memory; and 

third selecting means for selecting the data from any one 
of the ?rst and second deriving means and the 
rounding/saturating means. 
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22. A digital signal processor, comprising: 
input means for receiving an N-bit data; 
an alignment unit for aligning the N-bit data from the 

input means to the left of a (N+r)-bit bus; 
means for performing a prescribed operation based on the 

data from the (N+r)-bit bus and a data from a feedback 
loop; 

a memory connected to the feedback loop for temporarily 
storing the data from the prescribed operation means; 

means for scaling the data from the alignment unit; 
selecting means for selectively transferring the data from 

the scaling means and the data from the prescribed 
operation means to the memory; 

means for deriving only the high-order N bits from the 
data from the memory. 

23. A digital signal processor, comprising: 
input means for receiving an N-bit data; 
an alignment unit for aligning the N-bit data from the 

input means to the right of a (N+r)-bit bus; 
means for performing a prescribed operation based on the 

data from the (N+r)-bit bus and a data from a feedback 
loop; 

a memory connected to the feedback loop for temporarily 
storing the data from the prescribed operation means; 

means for scaling the data from the (N+r)-bit bus; 
selecting means for selectively transferring the data from 

the scaling means and the data from the prescribed 
operation means to the memory; 

means for deriving only the loW-order N bits from the data 
from the memory. 

24. A digital signal processor, comprising: 
input means for receiving an N-bit data; 
a ?rst alignment unit for aligning the N-bit data from the 

input means to the left of ?rst (N+r)-bit bus; 
a second alignment unit for aligning the N-bit data from 

the input means to the right of second (N+r)-bit bus; 
?rst selecting means for selecting the data from any one 

of the ?rst and second (N+r)-bit buses; 
means for performing a prescribed operation based on the 

data from the ?rst selecting means and a data from a 
feedback loop; 

a memory connected to the feedback loop for temporarily 
storing the data from the prescribed operation means; 

means for scaling the data from the ?rst selecting means; 
second selecting means for selectively transferring the 

data from the scaling means and the data from the 
prescribed operation means to the memory; 

?rst deriving means for deriving only the high-order N 
bits from the data from the memory; 

second deriving means for deriving only the loW-order N 
bits from the data from the memory; and 

third selecting means for selecting the data from any one 
of the ?rst and second deriving means. 

* * * * * 


